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Abstract-Surface contamination of high-voltage direct current power transmission lines has a large influence on corona characteristics. The audible noise of the polluted conductors is much higher than clean conductors. Little is known about the effect of the surface conditions of conductors on spectrum characteristics of the positive corona-generated audible noise under a high voltage. In order to investigate the influence of surface contamination produced by atmospheric pollution on the spectrum of the audible noise, this paper presented the measurement of spectrum characteristics of the audible noise of positive corona discharge in a laboratory corona cage. We researched the influence of deposition and relative permittivity of the contamination on the spectrum characteristics of the positive corona-generated audible noise. The relationships among these factors were consequently acquired. The results revealed that the spectral components of the audible noise of clean conductor were obviously different with the increase of the applied voltage. The spectral components (> 1kHz) of the polluted conductors were much higher than those of the clean conductors. The contamination adhering to the surface of conductors affected spectral components (> 1kHz) much more obviously than low spectral components, and the results were analyzed in this paper.
The conclusion lays a foundation for researching the influence of the surface conditions on the corona-generated audible noise. formulas of noise prediction, respectively [7] [8] . However, conductor surface conditions effects on audible noise were not considered in these prediction empirical formulas.
Keywords
Many researchers studied that the surface conditions of aged conductors by scanning electron microscopy (SEM) and three dimension Phase Shift Micro-Xam{MicroXAM-3D}.
Using these devices, the surface morphology, composition and roughness of the aged conductors were measured and analyzed [9] . In time domain, it was found that the instantaneous sound pressure pulses and the corona current pulses had the one-to one relationship and repetitive frequency in time. The peak values of instantaneous sound pressure pulses had a linear correlation with the amplitude of corona current pulses [10] .
However, less attention has been paid to the relationship between the spectrum characteristic of the audible noise and surface conditions of the polluted conductor in frequency domain.
According to previous literature, the audible noise of the positive corona discharge has higher sound pressure level than that produced by negative corona. Hence, the positive corona discharge was mainly focused on in our work.
The present paper investigates the influence of contamination of conductor on noise spectrum characteristics of positive corona discharge. The artificial contamination, deposited on the surface of conductors, was composed of salt, kaolin, and carbon. When the surface of the conductors was covered with salt, kaolin and carbon, respectively, the spectrum of polluted conductors was measured and recorded under different positive DC voltage. Finally, the correlation between the surface pollution and audible noise spectrum were studied and analyzed.
II. TES T SE TUP AND ME ASURE MEN T

A. Indoor Corona Cage
An indoor corona cage was manufactured to measure the spectrum characteristics of the polluted conductors in our laboratory. Figure. 
III. TES T RESUL TS AND AN ALYSIS
A. Ty p ical Corona Discharge of The Bare and Polluted Conductors
Figure.S presents the UV characteristics of typical corona discharge of bare conductor and the polluted conductors.
Compared with the bare conductor, the photon emitted from corona discharges on the surface of the polluted conductors was much greater and the area of the corona discharge detected much larger, under the same positive DC voltage.
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B. Audible Noise S p ectrum of The Bare and Polluted Conductors
The equivalent continuous sound level (ECSL) is used to evaluate the acoustic noise, which is known as the essential averaged parameter, The ECSL is defined by
Where (is a dummy variable of time integration; px(() is the A, B, C or Z frequency-weighted instantaneous sound pressure; Po =20 uPa is the reference sound pressure. !J.t is the average time interval. 
IV. CONCLUSION
Based on the indoor corona cage, the audible noise experiment platform was set up to obtain the relationship between the surface pollution of the conductors and the audible noise spectrum generated by positive corona discharge. The artificial pollution experiments were carried out to simulate the various surface conditions. It was found that the audible noise level increased as the amount of pollution increased. In addition, as the relative permittivity grew, the corona noise and current increased obviously.
